Androgens (testosterone and dihydrotestosterone) increase adult hippocampal 22 neurogenesis by increasing survival of new neurons in male rats and mice via an androgen 23 receptor pathway, but it is not known whether androgens regulate neurogenesis in females and 24 whether the effect is age-dependent. We investigated the effects of dihydrotestosterone (DHT), a 25 potent androgen, on neurogenesis in adult and middle-aged males and females. Rats were 26 gonadectomized and injected with the DNA synthesis marker, bromodeoxyuridine (BrdU). The 27 following day rats began receiving daily injections of oil or DHT for 30 days. We evaluated cell 28 proliferation (Ki67) and survival of new neurons (BrdU and BrdU/NeuN) in the hippocampus of 29 male and female rats using immunohistochemistry. As expected, DHT increased survival of new 30 neurons in young males but surprisingly not in middle-aged male rats. In females, DHT did not 31 significantly affect adult neurogenesis in young or middle age. Our results indicate that DHT 32 regulates adult hippocampal neurogenesis in a sex-and age-dependent manner. 33 3
Abstract 21
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Main text 34
Neurogenesis, the production of new neurons, in the hippocampus continues through the 35 life span of most mammals studied to date (Kempermann et al., 2018) . Sex hormones (estrogens 36 and androgens) regulate different aspects of hippocampal neurogenesis: e.g. proliferation and/or 37 survival of these new neurons in rodents (reviewed in Duarte-Guterman et al., 2015b; Mahmoud 38 et al., 2016). There is also evidence of sex differences in how hormones regulate neurogenesis. 39
For example, estradiol regulates cell proliferation and survival of new neurons in female but not 40 male rodents (Barker and Galea, 2008) . We have previously shown that androgens (testosterone 41 All analyses were performed using Statistica v.8.0 (StatSoft Inc, Tulsa, OK). Volume of the 83 dentate gyrus (GCL and hilus) and density of BrdU+ cells (total cells per unit volume) were 84 analyzed using repeated measures analysis of variance (ANOVA) with age (young, middle-85 aged), sex (male, female), and treatment (DHT, oil) as between subjects factors, and region 86 (GCL, hilus) as a within subjects factor. Density of Ki67-ir cells and proportion of BrdU/NeuN 87 co-labeled cells were analyzed using ANOVA with age (young, middle-aged), sex (male, 88 female), and treatment (DHT, oil) as between subjects factors. When appropriate, post-hoc 89 analysis used the Neuman-Keul's procedure. Test statistics were considered significant if p ≤ 90 0.05. 91
Regardless of age and treatment, the GCL and hilus were larger in males compared to 92 females (main effect of sex; F(1,42)=4.42; P<0.05; Table 1 ). The volume of the GCL and hilus 93 increased with age irrespective of sex and treatment (main effect of age; F(1,42)=47.37; 94 P<0.0001). In the case of the hilus, the volume increased with aging more so in males than in 95 females (interaction between region, age, and sex; F(1,42)=20.20; P<0.0001). As expected, the 96 volume of the hilus was larger than the volume of the GCL (main effect of region; 97 F(1,44)=1450.14; P<0.0001). Treatment with DHT did not significantly affect GCL or hilus 98 volumes (all P's>0.08). To account for the sex differences in GCL and hilus volumes, we present 99
BrdU and Ki67 counts as densities (total cells per unit volume). 100 DHT treatment increased the density of BrdU+ cells in the GCL in young males 101 (P<0.001) but not in young females or middle-aged animals of both sexes (all P's>0.9; 102 interaction between age, sex, treatment and region; F(1,42)=4.03; P=0.05; Figure 1) and females (all P's>0.25; Figure 1 ). However, as expected, there were more Ki67-ir cells in the 116 GCL of the young compared to middle-aged rats (main effect of age; F(1,43)=97.18; P<0.0001) 117 irrespective of sex and treatment. 118
Finally, we performed a qualitative analysis on AR expression in the hippocampus. In 119 gonadectomized oil treated animals, AR-ir cells were absent throughout the GCL in young males 120 and female rats but were expressed at low levels in middle-aged male and female rats. In the 121 CA1, we found low to intermediate levels of AR-ir in oil treated young and middle-aged rats. In 122 the CA3 we found low to absent levels of AR-ir cells in young and middle-aged rats of both 123 sexes. DHT treatment increased the expression of AR in the CA1 to intermediate or robust levels 124 in both sexes (Table 3 ; Figure 1 ). With aging, AR expression increased in the CA1, CA3, and 125 GCL in both male and female rats. 126
In the present study, we found that chronic (30 days) DHT increased survival of new 127 neurons but not cell proliferation in the hippocampus of gonadectomized young adult male rats, 128 consistent with our previous research in male rats and mice ( suggests that the hippocampus may still be able to respond to sex steroid hormones in middle 175 age, an effect that varies by sex as in both studies middle-aged females showed increased 176 neurogenesis levels with androgens. 177
We found that ARs were expressed in the CA1 and CA3 regions of the hippocampus. We Kuhn H, Dickinson-Anson H, Gage F. 1996. Neurogenesis in the dentate gyrus of the adult rat: 276 age-related decrease of neuronal progenitor proliferation. 
